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Postdoctoral appointments can have different functions and meanings, depending on the field and whether the postdoc is a man or a woman. The Ph.D.'s-Ten Years Later study confirmed that in biochemistry, the postdoc, not the Ph.D., has become the general proving ground for excellence both in academia and industry. Because they spent a longer time in these "mandatory" postdocs, biochemists had the largest proportion of untenured faculty 10 to 13 years after the Ph.D. In mathematics, where substantially fewer postdoctoral positions are available, Ph.D.'s taking postdocs are more likely to obtain faculty positions, but this is true only for men. University administrators should be accountable for monitoring the total time spent in these positions and should provide administrative assistance for skills training, career growth, and the job search. In addition, creative solutions concerning the dual-career couple phenomenon are necessary.
Recent reports in the United States have claimed that increasing numbers of Ph.D. scientists are holding postdoctoral appointments for longer periods than ever. Concern about the implications for careers in the life sciences even prompted a warning from a National Research Council committee about a possible overproduction of Ph.D.'s in this area (1) . However, recent comprehensive data on postdoc appointees and their experiences have not been available, given that the last national postdoc survey was published 15 years ago (2) . Rectifying this situation was one of the goals of the Ph.D.'s-Ten Years Later study (3) , which collected data on the career paths of scientists and engineers in biochemistry, computer science, electrical engineering, and mathematics, including the role of postdoc appointments (Table 1) . Here we highlight some results from this study and discuss some of the implications for policies regarding postdoc positions.
Addressing matters related to the educational and training environment of postdocs in the United States is complicated, because few universities have a central authority overseeing the conditions of postdoc appointments, such as duration, salary structure, benefits, and placement services. Few universities can provide a truly accurate count of the number of postdoc fellows on campus. These deficiencies exist because of the lack of a consistent definition among hiring units in universities and other laboratories of what constitutes a postdoc, and because postdocs are compensated and recorded in several different ways-some are paid as university employees, some are paid through an entirely separate stipend account, and others are paid directly by foundations and foreign governments.
We analyzed the career paths of the 86% of Ph.D. biochemists and 31% of Ph.D. mathematicians responding to the Ph.D.'s-Ten Years Later survey who had held postdoc appointments. In computer science and electrical engineering, less than 10% of respondents had a postdoc appointment along their career path.
In biochemistry, for the cohorts who graduated from July 1982 to June 1985, the postdoc was the norm. In this field, a postdoc appointment is regarded as a necessary step after doctoral completion, whether the individual plans a career in academia or in the business, government, or nonprofit (BGN) sectors. Consequently, the postdoc, not the Ph.D., has become the general proving ground for academic excellence, scientific entrepreneurship, and ultimate intellectual independence.
By 1995, about half of all Ph.D. biochemists who had held postdocs (49%) were employed in the BGN sectors, and the other half (51%) worked in various jobs within academia; 34% held a tenured or tenure-track faculty position (Table 2) . Not surprisingly, biochemists outside of academia earned almost $22,000 more in median annual total salary (including consulting, overtime, summer research or teaching, 
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on November 24, 2008 www.sciencemag.org and other income sources) than those employed in the academic sector (where the median salary was $57,000) (4). On average, the biochemists employed in academia in 1995 had spent 7 months longer in postdoc appointments than the 3.5 years of those employed in the BGN sectors. The length of time spent in postdoc training did not appear to be a factor in the decision to appoint a postdoc to a faculty position. However, if the postdoc period was 5 years or less, those who were hired into the faculty had a better chance of being appointed to a position at one of the top quarter (5) of doctoral programs. Individuals who received one of the prestigious, portable postdoctoral fellowships from the National Institutes of Health or the National Science Foundation (NSF), as did 12% of the first-time biochemistry postdocs, had an advantage when competing for faculty positions in the top-quarter-ranked doctoral programs.
The results of the study revealed that university administrators and professional societies in the sciences need to be concerned both about the long time it takes to earn a doctoral degree and about long intervals between Ph.D. degree completion and the first non-postdoc position. Biochemists spent 3.8 years in postdoc appointments, whereas mathematicians spent 2.5 years and computer scientists and electrical engineers only 1.6 years. As a result biochemists, who had the shortest time to Ph.D. among these disciplines but essentially faced a mandatory postdoc, had the largest proportion (46%) of untenured faculty 10 to 13 years after completion of the Ph.D. (Table 3) .
Fewer postdoc appointments are available in mathematics than in biochemistry. These seemed to be highly sought after by those whose career goal was a faculty position. Just under one-third of the Ph.D.'s in mathematics spent time in postdoc training, and of these, 78% held a tenured or tenuretrack faculty position in 1995. However, a large proportion (61%) of mathematicians who did not take postdoc appointments also held a tenured or tenure-track position in 1995, and almost one-third (31%) found employment in the BGN sectors (Table 2) . Unlike biochemistry doctorates, 21% of mathematics Ph.D.'s spent a portion of their postdoc appointment abroad (domestic, 14%; international, 36%).
The survey results also revealed two particular positive outcomes for mathematics postdocs. First, the time invested in a postdoc significantly improved the odds of gaining a faculty position in the top quarter (5) of research doctorate programs-particularly if the applicant was among the 12% of firsttime postdocs (6 ) who received a portable fellowship, such as an NSF fellowship, or had spent a year or more at one of the internationally renowned mathematics institutes. However, this was true only for men, 84% of whom were tenured or tenure-track faculty in 1995, and not for women (Table 2) . Second, the experience gained in a postdoc position in mathematics, often called a visiting assistant professorship, seemed to be reflected to a modest extent in a shorter tenure clock. The same is not true in biochemistry. Like the biochemists, however, mathematicians working in the academic sector in 1995 earned less annually than did their counterparts in the BGN sectors (an average of $53,000 versus $80,300). A substantial percentage of women in mathematics who did postdoc training in the hope of becoming a professor did not realize this aspiration. Women who were married at the time of Ph.D. completion and who held postdoc positions were more likely to end up in research positions in the BGN sectors than in academia (Table 4) . Women postdocs in biochemistry, whether married or not, held tenured or tenure-track positions in 1995 at about the same proportion as men, although women stayed slightly longer in postdoc positions and thus advanced even more slowly to tenured faculty positions than men did. Furthermore, for women in both biochemistry and mathematics, the motivation to enter postdoc positions often seemed to be related to the desire to live in the same location as their partners and to combine family and career (Table 5) .
Less has been known, in either discipline, about the careers of international students who studied in the United States. The 1983-1985 Ph.D. cohorts comprised 10% international students in biochemistry (7 ) In their search for more permanent employment, postdocs used many sources of assistance with varying degrees of utility. The postdoc mentor was certainly important for biochemists in the job search, but less so for mathematicians, who returned to their Ph.D. advisors for this significant support. The second most commonly used source was job notices in relevant journals. Universities should certainly extend the placement services that they offer to doctoral students to postdocs.
In light of the Ph.D.'s-Ten Years Later findings (not all of which we could cover here), and from our experience as doctoral and postdoctoral administrators, we recommend that universities designate a central authority for postdoc affairs-either the senior research administrator or the graduate dean. This office should monitor the total length of time graduates spend in postdoc appointments, allowing a maximum of 5 years in these training positions, including time spent at other institutions (8) . Any subsequent appointments, even if they are by fiscal necessity temporary, should be staff appointments and should reflect career growth and advancement. Adequate salaries and employment benefits should be ensured for postdoc appointees. Administrative assistance should be provided to create a campus-wide postdoc community to combat the frequent experience of isolation, to provide the skills training necessary for becoming a professional in academia or the BGN sectors (including grant writing and presentation and communication skills), and to support career planning and job search activities. Finally, we recommend that a high-level National Research Council (NRC) committee be established to develop creative solutions, especially in the universities, to the widespread phenomenon of dual careers for couples. More spousal accommodation would enable our country to take greater advantage of the proven talent of its men and women scientists.
